Pituitary adenylate cyclase activating polypeptide and vasoactive intestinal peptide increase cytosolic free calcium concentration in cultured rat hippocampal neurons.
Recently, pituitary adenylate cyclase activating polypeptide (PACAP) was isolated from ovine hypothalamus and it was shown to stimulate adenylate cyclase in rat pituitary cells, neurons, and astrocytes. PACAP exhibits a 68% amino acid sequence homology with vasoactive intestinal peptide (VIP); however, it is 1000 times more potent than VIP in stimulating adenylate cyclase. In view of the wide distribution of PACAP and its receptor in the central nervous system, PACAP is likely to act as a neurotransmitter or neuromodulator as well. In the present study, we investigated the effects of PACAP38 on cytosolic-free calcium concentrations ([Ca2+]i) and compared these effects with those of VIP in cultured rat hippocampal neurons. Calcium concentrations, at the single cell level, were measured using fura-2, a calcium sensitive fluorescent dye, and fura-2-loaded neurons were continuously superfused at 37 C and viewed under an inverted microscope. Images of these neurons were recorded at 10-sec intervals by a video camera equipped with an Argus-50/CA system which controls the image acquisition and display. [Ca2+]i was quantitated from the intensities of fluorescence of the cells at two excitation wavelengths of 340 and 380 nm. The ratio of the intensities of emitted fluorescence (340/380 nm) was calibrated to determine [Ca2+]i. PACAP38 (0.1 nM) increased [Ca2+]i in some hippocampal neurons. As the concentration of peptide was increased from 0.1 to 10 nM, the accumulated number of hippocampal neurons responding to PACAP38 progressively increased and reached a plateau at 10 nM. Total neurons (33.0 +/- 5.3%, n = 4; 502 neurons) were found to respond to 100 nM PACAP38. The half-maximal concentration (ED50) of PACAP38 was 2.60 +/- 0.77 nM. Typically, 60-90 sec after the addition of PACAP38 (10 nM), [Ca2+]i increased from basal levels of 50-100 to 150-300 nM. VIP also increased [Ca2+]i, but required 1 microM or higher concentration for a considerable number of cells to respond. The number of hippocampal neurons responding to VIP at 1 microM was 28.9 +/- 9.8% (n = 4; 442 cells) which was comparable to the population of neurons responding to 10 nM PACAP38. The ED50 for VIP was 0.68 +/- 0.38 microM which was approximately 260 times higher than the ED50 for PACAP38. Neither 1-10 microM nitrendipine, a L-type voltage-dependent Ca2+ channel blocker, or 1 microM omega-conotoxin GVIA, a N-type voltage-dependent Ca2+ channel blocker, altered the PACAP-induced Ca2+ increment. Removal of Ca2+ from the superfusion media did not influence the PACAP38-induced increase of [Ca2+]i.(ABSTRACT TRUNCATED AT 400 WORDS)